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[57] ABSTRACT 
Cyclic bis and tris phosphites are provided having the 
formula: ' 

_ R - 

R1 

0 

A P—O——R2 

0 

R1 

|- R - I! 

wherein: 
A is selected from the group consisting of sulfur; 

oxygen; alkylidene having from one to about six 
carbon atoms; cycloalkylidene having from three 
to about eight carbon atoms; and phenyl and alkyl 
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phenyl alkylidene having from seven to about four 
teen carbon atoms; 

R is selected from the group consisting of alkyl hav 
ing from one to about eighteen carbon atoms; cy 
cloalkyl having from three to about eight carbon 
atoms; and phenalkylidene and alkyl phenalkyli 
dene having from seven to about twelve carbon 

atoms; 
R] is selected from the group consisting of hydrogen; 

alkyl having from one to about eighteen carbon 
atoms; cycloalkyl having from three to about eight 
carbon atoms; and phenalkylidene and alkyl phe 
nalkylidene having from seven to about twelve 
carbon atoms; 

nis2or 3; 
RgiS 

R3 R5 

R4 R6 
m 

R(, R5 R5 R6 

Y 

R4 R3 R3 R4 

wherein: 
m=0 when n is 2; and 1 when n is 3; 
R3, R4, R5, R6 are hydrogen or lower alkyl; and, 
when the rings are aromatic, at least two of R3, R4, 
R5 and R6 in each ring is lower alkyl; and 

Y is alkylidene having from three to about six carbon 
atoms; or 

R3 R5 

R3 R5 
; Or , 

R4 R6 

R4 

the rings in R2 being saturated or aromatic, and, when 
the rings are aromatic, at least two of R3, R4, R5 and R6 
in each ring is lower alkyl, as well as stabilized synthetic 
resin compositions containing such phosphites. 

21 Claims, No Drawings 
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CYCLIC BIS ANDTRIS PHOSPl-IITES AND 
STABILIZED SYNTHETIC RESIN 

COMPOSITIONS 

This is a continuation of application Ser. No. 557,819, 
?led Dec. 1, 1983, now abandoned. 

Synthetic resins such as polyethylene, polypropylene, 
polystyrene and polyvinyl chloride show a strong ten 
dency to deteriorate in physical properties at elevated 
temperatures and when exposed to ultraviolet light. 
The deterioration is evidenced by, among other things, 
a decrease in viscosity, a tendency to become brittle, 
and discoloration. This deterioration can be accompa 
nied by distortion, cracking, and powdering of the ma 
terial. To overcome these dif?culties, many stabilizers 
have been proposed for combination with synthetic 
resins. 
No single stabilizer has proved adequate, and combi 

nations of stabilizers are consequently used almost ex 
clusively. Most stabilized synthetic resins on the market 
contain one or more of such stabilizer combinations. 
The deterioration appears to be due to a combination of 
factors, and a combination of stabilizers is therefore 
more capable of coping with the various types of deteri 
oration. However, the retention of good physical prop 
erties over long periods of time remains rather dif?cult 
to achieve. 
Of the many stabilizer systems that have been pro 

posed for polyole?ns, one particularly satisfactory sta 
bilizer system is described in U.S. Pat. No. 3,255,136, 
patented June 7, 1966 to Arthur Hecker, Otto S. Kauder 
and Norman Perry. This stabilizer system comprises 
three stabilizers: an organic mono-or polyhydric phe 
nol, an organic phosphite, and a thiodipropionic acid 
ester. An additional fourth ingredient, which is pre 
ferred but not essential, is a polyvalent metal salt of an 
organic acid. These three and four stabilizers together 
give an enhanced stabilization which is not obtainable 
from any of them alone, or in combinations of two. 

In these combinations, the phenol alon gives an im 
proved resistance to embrittlement and reduction in 
melt viscosity of polypropylene at elevated tempera 
tures, but little assistance as to maintenance of color. 
The phosphite alone is a rather poor stabilizer in pre 
venting deterioration in the ?rst two properties, but it 
does assist in resisting discoloration. The two together 
are worse than the phenol alone in every respect except 
color, which is intermediate. 
The thiodipropionic acid ester by itself only improves 

resistance to embrittlement. The polyvalent metal salt 
of an organic acid by itself only prevents discoloration. 
In combinations with the phenol, the color is worse 
than with the salt alone, and combinations with phos 
phite only, discoloration is prevented. The effectiveness 
of all three or four ingredients taken together against all 
of these types of deterioration is therefore particularly 
surprising. 
The organic phosphite can be any organic phosphite 

having the formula (RA)3-P, in which A can be oxygen 
or sulfur or a mixture of the same, and R is aryl, alkyl, 
cycloalkyl, aralkyl or aralkaryl in any combination. A 
variety of tris-alkaryl phosphites are disclosed, such as 
tris-(tertiary-octy1-phenyl)phosphite and tris-(tertiary 
nonyl-phenyl)phosphite, but no tris-(alkaryl)phosphites 
having more than one alkyl group per phenyl group. 

Organic phosphites have been widely used as stabiliz 
ers for polyole?ns and similar polymeric materials, par 
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2 
ticularly polyvinyl chloride, and many different types 
of phosphites, some of rather complex structure, have 
been proposed. U.S. Pat. Nos. 3,255,136 and 3,655,832 
have suggested organic phosphite-phenol transesteri? 
cation products, the preferred phenol being a bis 
phenol. Other types of tris-(alkaryl)phosphite esters 
have been disclosed in U.S. Pat. Nos. 2,220,113; 
2,220,845; 2,246,059; 2,419,354; 2,612,488; 2,732,365; 
2,733,226; and 2,877,259. Additional tris-(alkaryl) 
phosphites are disclosed in U.S. Pat. Nos. 3,167,526 to 
Nicholson, patented Jan. 26, 1965; 3,061,583 to Huhn 
and Sheets, patented Oct. 30, 1962; 3,829,396 to Oakes 
and Cross, patented Aug. 13, 1974; French patent Nos. 
1,496,563 to U.S. Rubber Company, délivré Aug. 21, 
1967, and 1,497,390 to Ethyl Corporation, délivré Aug. 
28, 1967; and British patent Nos. 1,058,977, published 
Feb. 15, 1967, to Hooker Chemical Corporation and 
1,143,375, published Feb. 19, 1969, to Uniroyal Inc. 
Oakes et at disclose bis-(2,4-di-tertiary-butyl-phenyl) 

cyclohexyl phosphite and 2,4-di-(tertiary butyl)phenyl 
dicyclohexyl phosphite, which are liquids. 
French patent No. 1,496,563 described phosphites 

derived from 2,6-di-tertiary-butyl-hydroquinone and 
2,5-di-tertiary-butylhydroquinone, and it is suggested 
that they can be used with thiodipropionic acid esters of 
ole?n polymers. 

British patent No. 1,143,375 has a similar disclosure; 
tris-(2,5-di-tertiary-butyl-4-hydroxy-phenyl)phosphite 
is disclosed. 

British patent No. 1,058,977 discloses 2,4,6-tri-sub 
stituted aryl phosphites, the substituents including terti 
ary-butyl groups. 

French patent No. 1,497,390 discloses tris-(3,5-di 
alkyl-4-hydroxy-phenyDphosphites, as well as tris-(3 
isopropyl-5-tertiary-butyl-phenyl)phosphite. 
Kuriyama et al U.S. Pat. No. 3,558,554 patented Jan. 

26, 1971, provides ole?n polymer compositions contain 
ing as a stabilizer an organophosphite having the gen 
eral formula: 

R3 

R1-O R5 

RZ-O 

R4 

wherein R1 and R2 each represents a member selected 
from the group consisting of substituted and unsubsti 
tuted alkyl, cycloalkyl, aryl, alkaryl, aralkyl, and ali 
phatic thio ether groups and R3, R4 and R5 each repre 
sents a member selected from the group consisting of 
hydrogen and alkyl, cycloalkyl, aryl, alkaryl, and aral 
kyl groups, at least one of said R3 and R4being a tertiary 
butyl group. 

Suitable organo phosphites include, for example, 
di-n-butyl (2-t-butyl-cresyl)phosphite, di-n-hexyl(2-t 
butyl-m-cresyl)phosphite, di-n-hexyl(2-t-butyl-p 
cresy1)phosphite, di-n-octyl(2-t-butyl-p-cresy1)phosph 
ite, di-n-butyl-3,4-di-t-butyl-phenyl)phosphite, di-n 
butyl-(2,6-di-t-buty1-p-cresyl)phosphite, di-phenyl(2-t 
butyl-p-cresyl)phosphite, tri-(2-t-butyl-p-cresyl) 
phosphite, di(ethylthioethyl)-(2-t-butyl-p-cresyl) 
phosphite, di(octylthioethyl) (2-t-butyl-p-cresyl) 
phosphite, and tri(2,4-di-t-butyl-phenyl)phosphite. 
Many organic phosphites have been proposed as sta 

bilizers for polyvinyl chloride resins, and are employed 
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either alone or in conjunction with other stabilizing 
compounds, such as polyvalent metal salts of fatty acids 
and alkyl phenols. Such phosphite stabilizers normally 
contain alkyl or aryl radicals in suf?cient number to 
satisfy the three valences of the phosphite, and typical 
phosphites are described in the patent literature, for 
example. W. Leistner et al., U.S. Pat. Nos. 2,564,646 of 
Aug. 14, 1951, 2,716,092 of Aug. 23, 1955, and 2,997,454 
of Aug. 2, 1961. 

Organic phosphites have also been added as stabiliz 
ers in amounts of 0.01 to 1%, preferably 0.05% to 0.2% 
by weight, to high molecular weight polycarbonate 
plastics, for example the polycarbonate of 2,2'-bis(4 
hydroxyphenyl)propane of molecular weight 10000 and 
up to over 50000 as disclosed by G. Fritz in U.S. Pat. 
No. 3,305,520 of Feb. 21, 1967. 
A. Hecker in U.S. Pat. No. 2,860,115 of Nov. 11, 1958 

discloses compositions of organic phosphites with metal 
salts of carboxylic acids used in ole?n polymers. 

Phosphites are also employed in conjunction with 
other stabilizers such as a polyhydric phenol in the 
stabilization of polypropylene and other synthetic resins 
against degradation upon heating or ageing under atmo 
spheric conditions. The polyhydric phenol is thought to 
function as an antioxidant in such combinations. Disclo 
sures by R. Werkheiser, U.S. Pat. Nos. 2,726,226 of 
Dec. 6, 1975; I. Salyer et a1, 2,985,617 of May 23, 1961; 
L. Friedman, 3,039,993 of June 19, 1962; W. Nuden 
berg, 3,080,338 of Mar. 5, 1963; C. Fuchsman, 3,082,187 
of Mar. 19, 1963; H. Orloff et a1, 3,115,465 of Dec. 24, 
1963; A. Nicholson, 3,167,526 of Jan. 26, 1965; A. 
Hecker et a1, 3,149,093 of Sept. 15, 1964, 3,244,650 of 
Apr. 5, 1966 and 3,225,136 and 3,255,151 of June 7, 
1986; C. Bawn, 3,352,820 of Nov. 14, 1967; D. Miller, 
3,535,277 of Oct. 20, 1970; J. Casey, 3,586,657 of June 
22, 1971; C. Abramoff 3,856,728 of Dec. 24, 1974; M. 
Minagawa, 3,869,423 of Mar. 4, 1975 and 3,907,517 of 
Sept. 23, 1975; and British patent Nos. 846,684, 851,670, 
and 866,883 are respresentative of stabilizer combina 
tions including organic phosphites, polyhydric phenols, 
and other active ingredients. 
The importance of organic phosphites as stabilizers 

for synthetic resins has led to the development of a large 
variety of special phosphites intended to provide im 
proved stabilizing effectiveness and compatability and 
ease of compounding with the resin and with other 
stabilizers commonly used. However, the phosphites 
which have been proposed have not been entirely suc 
cessful, partly because of their complicated structure, 
which makes them costly to prepare, and partly because 
of their dif?culty of preparation. 
Among these special phosphites, L. Friedman, U.S. 

Pat. No. 3,047,608 of July 31, 1962 discloses a class of 
biphosphites having the formula: 

in which R}, R2, R3 and R4 are alkyl or aryl and Z is 
—CH2CH2SCH2CH20—, ——C2CH2SO2C2C 
H2—(—CH2CH2O—)x or (CI-ICH3CH2)X where x is at 
least two, and in U.S. Pat. No. 3,053,878 of Sept. 11, 
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4 
1962 a class of linear phosphite polymers having the 
formula: 

OCH; CHgO 

OCH? CHgO , 

in which Q is the alkylene or arylene portion of a dihy 
dric alcohol or dihydric phenol. 

R. Morris et al in U.S. Pat. No. 3,112,286 of Nov. 26, 
1963 discloses phosphites having the formula: 

R R1 
(‘3H3 R2 Negro We 
CH3 X 

in which 
R represents a bulky hydrocarbon group such as 

t-butyl, t-amyl, t-hexyl, cyclohexyl, t-pentyl, t~ 
octyl, phenyl and the like; 

R1 represents hydrogen and R; 
R3 represents an alkyl group from six to twenty car 
bon atoms which is preferably in the meta or para 
position; 

x represents a number of from 1 to 3 inclusive; 
y represents a number of from 0 to 2 inclusive and the 
sum of the numerical value of x+y is always ex 
actly 3. 

D. Brown, U.S. Pat. No. 3,297,631 of Jan. 10, 1967 
discloses condensation products of phosphorus com 
pounds with bisphenols and trisphenols which may be 
represented by the structures: 

OH O X 

R CH1 CH1 R 

R R 

R 

O X R 

R R" R ; 

R R 

R R 

R R" R 

HO OY 

R R 

where X is selected from the following: >P——OR'; 
>P—R'; 
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and Y is selected from the following: -—P(OR')2; 

R is hydrogen, alkyl of one to sixteen carbon atoms or 
aryl or a combination of these; R’ is alkyl of one to 
sixteen carbon atoms or aryl, and R” is alkylidene of one 
to sixteen carbon atoms or an aryl-substituted alkyli 
dene. 

C. Baranauckas, U.S. Pat. No. 3,305,608 of Feb. 21, 
1967, discloses phenolic phosphites useful as polymer 
stabilizers prepared by reacting a triorganophosphite, a 
polyol, and an aromatic material having two to six phe 
nolic hydroxyl groups at 60° to 180° C. in speci?ed 
proportions. 

C. Brindell, U.S. Pat. No. 3,412,064 of Nov. 19, 1968 
discloses phenolic phosphites represented by the gen 
eral formula: 

RR RR 

0 
RR RR 

x J’ 

where x is from 1 to 3, y and 2 each from 0 to 2, 
x+y+z= 3, R is hydrogen or alkyl and Y is hydroxyl or 
a group of the formula: 

R R 

1111 
—C OH 

1 
R1 

R R 

where R is hydrogen or alkyl. 
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6 
M. Larrison, U.S. Pat. No. 3,419,524 of Dec. 31, 1968, 

discloses phosphites useful as polymer stabilizers having 
the formula: 

where R], R2, R4, R6 and R7 are aryl or haloaryl, and 
R3 and R5 are a polyalkylidene glycol or an alkylidene 
bisphenol or a hydrogenated alkylidene bisphenol or a 
ring-halogenated alkylidene bisphenol from which the 
two terminal hydrogens have been removed. 

0. Kauder et a1, U.S. Pat. No. 3,476,699 of Nov. 4, 
1969 and No. 3,655,832 of Apr. 11, 1972 discloses or 
ganic phosphites containing a free phenolic hydroxyl 
group and de?ned by the formula: 

0 

0 

wherein Z is selected from the group consisting of hy 
drogen and aliphatic, cycloaliphatic, aromatic, hetero 
cyclic and (Ar)p—Y—-Ar groups, taken in suf?cient 
number to satisfy the valences of the two phosphite 
oxygen atoms; Y is a polyvalent linking group selected 
from the group consisting of oxygen; aliphatic, cycloali 
phatic and aromatic hydrocarbon groups attached to 
each Ar group through a carbon atom not a member of 
an aromatic ring; oxyaliphatic; thioaliphatic, oxycy 
cloaliphatic, thiocycloaliphatic; heterocyclic, ox 
yheterocyclic, thioheterocyclic, carbonyl, sul?nyl; and 
sulfonyl groups; Ar is a phenolic nucleus which can be 
phenyl or a polycarbocyclic group having condensed 
or separate phenyl rings; each Ar group is either con 
nected through an oxygen atom to a phosphite group or 
contains a free phenolic hydroxyl group, or both; and p 
is a number, one or greater, and preferably from one to 
four, which de?nes the number of Ar groups linked to 
Y. 

L. Friedman, U.S. Pat. No. 3,516,963 of June 23, 1970 
discloses phosphites having the formula: 

OCHZ CHZO 
\ / 

/ \ 
OCH; CHZO 

OH 

where R is alkyl, alkenyl, aryl, aralkyl, haloaryl, haloal 
kyl or 
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l‘ l‘ 1‘ ~ 
CHgCHgCH OH —Sli— and —?i—O—Si— 

5 R R R 

where R is an alkyl, preferably methyl, and Z is 

OH 10 
R R’” 

and n is an integer of at least 1. n can be 2, 3, 4, 5, 6, 7, 
8, 10, 50, 100 or even more. R X Rm’ 

D. Bown et al in US. Pat. Nos. 3,510,507 of May 5, 
1970 and 3,691,132 of Sept. 12, 1972 discloses polyole- 15 —O R" R OH 
?ns stabilized with polyphosphites, polyphosphates, R’ Rt 
polyphosphonites, polyphosphonates, polyborates, 
polycarbonates, and polysilanes which are condensa 
tion products of a 4,4'-bisphenol with a condensing or 
linking agent which may be of the ester type, such as the 
esters of triaryl or mixed aryl-alkyl compounds, or the 
acid halide type. Bown’s condensation product stabiliz 
ers have molecular weights between 600 and 8000 or 
higher and are described by the structural formula: 

Rm Rn! 

Run X Rm, 

H O R" R" O-Y Z 

R’ R’ 
H 

where X is selected from the group consisting of —S—, 

—-C—C, and C—A—C— where A is a C1 to C16 alkyl 
ene or an arylene; R’, R", R’”, and R"" are selected 
from the group consisting of hydrogen, C] to C13 alkyls, 
and an aryl group; Y is selected from the group of 

0 
II II 

"T" ‘*f" "I" F’ a“ "" 
OR OR R 011 

where R is hydrogen, a C1 to C13 alkyl or aryl; 

O 0 
ll ll 

where m is 0 to 10, preferably 4 to 8, 

),,—S—(CH2),,,—S——(CH2),, where n is 0 to 10, prefera 
bly 2 and m is 0 to 10, preferably 5; 
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where R’, R”, R'”, R”", and X correspond respectively 
to the R’, R”, R'”, R'”’,' and X previously selected when 
n has a value from 1 to 15, or may be derived from the 

compound used to introduce Y into the product when n 

has a value from 2 to 15, for example, —R or —OR 

where R is hydrogen, an alkyl, or aryl. When Y in the 

formula of Bown‘s stabilizer is 

the stabilizer is a type of hydroxyaryl phosphite. Simi 
larly, when Y in the formula is 

the stabilizer is a hydroxyaryl carbonate. 

Bown’s condensation products are described as espe 

cially effective in high molecular weight solid polyole 
?ns when used together with a dialkyl sul?de costabil 
izer such as dilauryl thiodipropionate, distearyl thiodi 
propionate, ditridecyl thiodipropionate, dicetyl sul?de, 
bis(tetradecylmercapto)paraxylylene, and 10, 24-dithi 
otetracontane. 

J. Floyd et al in German published application No. 
2505071 of Aug. 14, l975abstracted in Chemical Ab 
stracts 1976, Volume 84, abstract No. 5945f, discloses 
low molecular weight polycarbonate esters of bisphe 
nols such as 2,2-bis(3-t—butyl-4-hydroxyphenylpropane) 
and 4,4'~butylidene bis(6-t-butyl-S-methylphenol) pre 
pared in such a way as to contain few or no free pheno 

lic hydroxyl groups as being highly effective heat and 
light stabilizers for polyoletins and giving a synergistic 
effect with distearyl thiodipropionate, tris(nonyl 
phenyl)phosphite, and distearyl pentaerythritol di 
phosphite. 
US. Pat. No. 4,252,750 to Buysch et al, patented Feb. 

24, 1981, provides phosphorus acid esters correspond 
ing to the general formula 
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O X 
l 

/ P \ 
O Y 0 

R3 R2 

R] R] 
I] 

where 
R; is a benzyl, a-methylbenzyl, a,a-dimethylbenzyl, 

cyclopentyl or cyclohexyl radical; 
R1 is a C1-C9 alkyl, a C5-C6 cycloalkyl, a C7-C9 

aralkyl or a C6-C1q aryl radical; 
Y is a sulphur atom or a group HC—R3, in which R3 
, is a hydrogen atom a C1—C(> alkyl, a cyclohexyl or 

cyclohexenyl radical; 
X is a hydrogen atom, an optionally substituted sin 

gle-bond to four-bond straight-chain or branched 
chain C1—C1g aliphatic radical, A C7-C]3 aralkyl 
radical or a C6—C1g aromatic radical, each of which 
radicals may optionally contain ole?nic double 
bonds and/or hetero atoms, preferably N, O and 
/ or S atoms, and 

n is an integer from 1 to 4, preferably from 1 to 2, 
provided that when X is a hydrogen atom the n is 
l. 

U.S. Pat. No. 4,288,391, to Spivack, patented Sept. 8, 
1981, provides alkylated 1,l’-biphenyl-2,2'-diyl phos 
phites represented by the formula 

/ P \ 
O O 

R i i R 
R1 R1 

R 

R 

wherein 
R is an alkyl group of l to 18 carbon atoms, 
R] is hydrogen or an alkyl group of 1 to 18 carbon 

atoms, and 
R2 is an alkyl group of 1 to 20 carbon atoms, phenyl, 

phenyl substituted by 1 to 3 alkyl groups each 

R3 

II 
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10 
having 1 to 8 carbon atoms or by two alkyl groups 
each having 1 to 8 carbon atoms and by —COOR4 
where R4 is alkyl of l to 18 carbon atoms, 

R3 is an n-valent radical selected from the group 
consisting of a straight- or branched-chain alkylene 
of 2 to 12 carbon atoms, a straight- or branched 
chain alkane-triyl, -tetrayl, ~pentayl or —hexayl of 3 
to 6 carbon atoms, alkenylene of 4 to 6 carbon 
atoms, cycloalkylene of 6 to 12 carbon atoms, 1,4 
cyclohexanedimethylene, arylene or arenetriyl of 6 
to 10 carbon atoms, p-xylylene, phenylene— 
E--phenylene where E is a direct bond, —-O-—, 
-—-S-—, —NR5—, where R5 is alkyl of l to 18 car 
bon atoms; a straight- or branched-chain alkylene 
or alkylidene of 1 to 12 carbon atoms or cycloalk 
ylidene of 5 to 6 carbon atoms, said arylene or said 
phenylene-E—phenylene substituted by l to 4 
alkyl groups each having 1 to 8 carbon atoms, 
—(CH2)xS(CH2)x— where x is 2 to 6, dipentaery 
thrityl, and 

where Y is hydrogen, methyl or ethyl and z is l to 
10, 

X is oxygen or sulfur, and 
n is 2 to 6. 
U.S. Pat. No. 4,318,845 to Spivack et al, patented 

Mar. 9, 1982, provides alkanolamine esters of 1,l'-biphe 
nyl-2,2’-diyl-and alkylidene- 1, l’-biphenyl-2,2’-diyl 
cyclic phosphites corresponding to the formula: 

such that when m=l, n=1 and p=1, m=2, n=1 and 
p32 0, m=3, n and p are zero, and wherein 
R is an alkyl group of l to 18 carbon atoms, 
R1 is hydrogen or an alkyl group of 1 to 18 carbon 

atoms; 
R; is a direct bond or lower alkylene of 1 to 12 carbon 

atoms; 
A is alkylene of l to 6 carbon atoms or cycloalkylene 

of 5 to 6 carbon atoms; 
R3 is an alkyl of l to 18 carbon atoms, or 

wherein Y is 
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R] R 

A’ is alkylene of 1 to 6 carbon atoms or cycloalkylene 
of 5 to 6 carbon atoms, 

in’ is l or 2, 
p is 0 or 1, and 
q is 0-5 
with A, R, R1, R2 being as previously de?ned; pro 

vided that when p and q are 0, —N—A'—N can be 
a diazacycloalkyl group of 2 to 10 carbon atoms or, 

when m is 1 and p is O, N—R3 is azacycloalkyl group 
of 2 to 10 carbon atoms or an azaoxacycloalkyl 
group of 3 to 7 carbon atoms; and 

R4 is alkyl of 1 to 18 carbon atoms. 
US. Pat. No. 4,362,830 to Minagawa et a1, patented 

Dec. 7, 1982, provides hindered bis-phenol phenyl 
phosphites having the structure: 

_ R _ 

R1 

0 R 

\ R2 
Y P-O 

/ R3COO-'R4 
0 R2 

R1 

- R _ I! 

wherein: 
R is selected from the group consisting of alkyl hav 

ing from one up to about eighteen carbon atoms; 
cycloalkyl having from three up to about twelve 
carbon atoms; alkaryl and aryl having from six to 
about eighteen carbon atoms; preferably, a bulky 
group such as iso, secondary or tertiary alkyl hav 
ing from three to about ten carbon atoms; or cyclo 
alkyl having six to twelve carbon atoms; 

R1 and R2 are each selected from the group consisting 
of hydrogen; alkyl having from one to about eigh 
teen carbon atoms; cycloalkyl having from three 
up to about twelve carbon atoms; alkaryl and aryl 
having from six to about eighteen carbon atoms; 
and are preferably in a position ortho to a phenolic 
hydroxyl or phenoxy group, if available; 

R3 is alkylene having from one to about six carbon 
atoms; 

R4 is selected from the group consisting of alkylene, 
cycloalkylene, and aralkylene, the residue of a 
monohydric or polyhydric alcohol, having from 
one to about eighteen carbon atoms, and from none 
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12 
to three hydroxyl groups (originally one to four 
hydroxyl groups); 

Y is selected from the group consisting of a direct 
carbon to carbon bond; thio sulfur —S—; oxy oxy 
gen ——O——; alkylidene having from one to about six 
carbon atoms; and cycloalkylidene having from 
four to about eight carbon atoms; and 

n is l, 2, 3, or 4, according to the valence of R4. 
US. Pat. No. 4,371,646 to Minagawa et al, patented 

Feb. 1, 1983, provides 2,6-di-tertiary butyl phenyl phos 
phites having the structure 

/ 

CH3 

wherein: 
R1 is selected from the group consisting of hydrogen, 

methyl, ethyl, and (CH2),,,COOR, where R is selected 
from the group consisting of alkyl having from one up 
to about ten carbon atoms; cycloalkyl having from 
three up to about twelve carbon atoms; alkaryl and aryl 
having from six to about twelve carbon atoms, and m is 
a number within the range from O to 5; 
R2 is selected from the group consisting of hydrogen, 

alkyl having from one to about twenty-two carbon 
atoms; cycloalkyl having from three up to about 
twelve carbon atoms; alkaryl and aryl having from 
six to about eighteen carbon atoms; the residue of a 
polyhydric alcohol having from two to about eigh 
teen carbon atoms, and from two to three hydroxyl 
groups; and the residue of a polyphenol having 
from six to about eighteen carbon atoms and from 
two to about ten phenolic hydroxyl groups; 

R3 is selected from the group consisting of hydrogen 
and P(OR2)2; 

Z is the bivalent to tetravalent residue of a polyhydric 
alcohol having from two to about eighteen carbon 
atoms, and from two to ?ve hydroxyl groups; or of 
a polyphenol having from six to about eighteen 
carbon atoms and from two to about ten phenolic 
hydroxyl groups; 

n1 is 0 or 1; and 
n2 is a number from 1 to 5. 
US Pat. No. 4,371,647 to Minagawa et a1, patented 

Feb. 1, 1983, provides 2,6-di-tertiary butyl phenyl pen 
taerythritol spiro bis-phosphites having the structure: 

R is alkyl having from one to six carbon atoms; 
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R1 is methyl or ethyl; 
R1 is selected from the group consisting of alkyl hav 

ing from one up to about eighteen carbon atoms; 
cycloalkyl having from three up to about twelve 
carbon atoms; and alkaryl and aryl having from six 
to about thirty carbon atoms; such groups substi 
tuted with from one to about four oxy ether -—O— 
and/or carboxylic ester —COO—- groups; the resi 
due of a polyhydric alcohol having from two to 
about eighteen carbon atoms, and from two to 
about ten hydroxyl groups; and the residue of a 
polyphenol having from six to about eighteen car 
bon atoms and from two to about ten phenolic 
hydroxyl groups. 

In accordance with the present invention, cyclic bis 
and tris phosphites are provided having the formula: 

R 

R1 

0 

A P—O——R3 

0 

R1 
R 

_ - r1 

wherein: 
A is selected from the group consisting of sulfur; 

oxygen; alkylidene having from one to about six 
carbon atoms; cycloalkylidene having from three 
to about eight carbon atoms; and phenyl and alkyl 
phenyl alkylidene having from seven to about four 
teen carbon atoms; 

R is selected from the group consisting of alkyl hav 
ing from one to about eighteen carbon atoms; cy 
cloalkyl having from three to about eight carbon 
atoms; and phenalkylidene and alkyl phenalkyli 
dene having from seven to about twelve carbon 

atoms; 
R1 is selected from the group consisting of hydrogen; 

alkyl having from one to about eighteen carbon 
atoms; cycloalkyl having from three to about eight 
carbon atoms; and phenalkylidene and alkyl phe 
nalkylidene having from seven to about twelve 
carbon atoms; 

nis2or 3; 
R2 is 

R3 R5 

R4 Re 
In 

R6 R5 R5 R6 

Y 

R4 R3 R3 R4 
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14 
wherein: 
m=O when n is 2; and 1 when n is 3; 
R3, R4, R5, R6 are hydrogen or lower alkyl; and, 
when the rings are aromatic, at least two of R3, R4, 
R5 and R6 in each ring is lower alkyl; and 

Y is alkylidene having from three to about six carbon 
atoms; or 

R3 R5 

R3 R5 
; or 

R4 R6 

R4 

the rings in R2 being saturated or aromatic, and, 
when the rings are aromatic, at least two of R3, R4, 
R5 and R6 in each ring is lower alkyl, as well as 
stabilized synthetic resin compositions containing 
such phosphites. 

Exemplary A alkylidene includes methylidene, ethyl 
idene, isopropylidene, propylidene, isobutylidene, 
butylidene, cyclohexylidene, cycloheptylidene, cy 
clopentylidene, cyclobutylidene, benzylidene, methyl 
benzylidene, isopropyl benzylidene, dimethyl benzyli 
dene, diisopropyl benzylidene; 
Exemplary R, R1, R3, R4, R5 and R6 lower alkyl 

include methyl, ethyl, isopropyl, t-butyl, sec-butyl, t 
amyl, and hexyl; exemplary R and R1 higher alkyl in 
clude heptyl, octyl, isooctyl, t-octyl, nonyl, t—nonyl, 
decyl, dodecyl, and octadecyl; exemplary R and R1 
cycloalkyl include cyclohexyl, a-methylcyclohexyl, 
cyclobutyl, cyclopentyl, cycloheptyl, cyclooctyl; ex 
emplary R and R1 phenalkylidene include benzyl, a 
methylbenzyl and a, a-dimethylbenzyl, phenethyli 
dene, phenbutylidene, phenhexylidene, xylyl, mesityl, 
1,1,3-tris (2-methyl-4-hydroxy-5-t-butylphenyl) butane 
and 1,3,5-tris(3,5-di-t-butyl-4-hydroxy benzyl)-2,4,6 
trimethylbenzene. 
These phosphites have one hindered bisphenol group 

of the structure: 

R1 

R1 

R 

derived from the corresponding phenol. Exemplary 
phenols include 2,2’-methylenebis(4-methyl-6-t-butyl 
phenol), 2,2’-methylenebis(4-ethyl-6-t-butylphenol), 
2,2'-methylenebis (4,6-di-t-butylphenol), 2,2‘ 
methylenebis[4~methyl-6-(a-methylcyclohexyl) phe 
nol], 2,2'-n-butylidenebis(4,6-dimethylphenol), bis-1,1 
(2'-hydroxy-3',5’-dimethylphenyl)-3,5,5-tri-methylhex 
ane, 2,2’-cyclohexylidenebis(4-ethyl-6-t-butylphenol), 
2,2’-isopropylbenzylidene-bis(4-ethyl-6-t-butylphenol), 
2,2'-thiobis(4-t-butyl-6-methylphenol), 2,2’-thiobis(4 
methyl6-t-butylphenol), 2,2’-thiobls (4,6-di-t-butyl 





4,670,492 
17 18 

-continued 

C(CHAh 

C(CHm 1%? 
w 

it??? 
Q??? 

5O 

55 

These phosphites are readily prepared by conven 
tional methods. The corresponding bisphenol 

OH OH 60 is reacted with PC13, and then with the alcohol or phe 
R A R no] corresponding to R2. 

The following Examples serve to illustrate the proce 
dure. 

65 EXAMPLE I 

Preparation of 
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‘ C(CHm ' 

CH3 0 CH3 C(CH3)3 

CH3 P—O -_ $H CH; O CH} 

/ fHI / 
CH3 0 C(CH3)J (lIH O—P CH3 

CH3 \ 
C(CH3); , C(CH3)3 0 CH3 

C(CH3)3 

Phosphorous trichloride 5.5 g was dissolved in 200 ml 
of toluene, and cooled to 0° to 5° C., whereupon 2,2’ 
methylenebis-(4-methyl-6-t-butylphenol) 13.6 g was 
added. 

Triethylamine 14.6 g was then added dropwise over 
one hour at 0° to 5° C. The solution was stirred for an 
additional 3 hours at room temperature. Then, l,l,3-tris 
(2-methyl-4-hydroxy-S-t-butylphenyl) butane 7.3 g was 
added, and the mixture heated and stirred for 20 hours 
under re?ux. After cooling, triethylamine hydrochlo 
ride precipitated and was ?ltered; the solvent was dis 
tilled off. 
The product was a white powder, m.p. 195°-197° C. 

EXAMPLE II 

Preparation of 

C(CH3)3 

C(CH3)3 O 
\ 

CH2 P-O C(CH3)2 
/ 

C(CH3)3 0 

C(CH3)3 2 

Phosphorous trichloride 5.5 g was dissolved in 200 ml 
of toluene, and cooled to 0° to 5° C., whereupon 2,2’ 
methylenebis-(4-methyl-6-t-butylphenol) 13.6 g was 
added. 

Triethylamine 14.6 g was then added dropwise over 
one hour to 0° to 5° C. The solution was stirred for an 
additional 3 hours at room temperature. Then, hydroge 
nated bisphenol A 4.8 g was added, and the mixture 
heated and stirred for 20 hours under re?ux. After cool 
ing, triethylamine hydrochloride precipitated and was 
?ltered; the solvent was distilled off. 
The product was a pale brown powder, m.p. 

l34°—145° C. 
Small amounts of the stabilizer of this invention when 

combined with synthetic resin improve the heat stability 
of the resin. The amount of the stabilizer is generally 
within the range from about 0.001 to about 5 part by 
weight, preferably from about 0.01 to about 3 parts by 
weight, per 100 parts by weight of resin. 

Synthetic resins that can have their resistance to dete 
rioration enhanced with the polymeric stabilizer com 
pound according to this invention include a-ole?n poly 

25 

30 

35 

45 

50 

55 

65 

mers such as polyethylene, polypropylene, polybutene, 
poly-3-methylbutene, or mixtures thereof and with co 
polymers other monomers such as ethylene-vinyl ace 
tate copolymers; ethylene-propylene copolymer; poly 
styrene; polyvinyl acetate; polyacrylic esters; copoly 
mers from styrene and another monomer (for example, 
maleic anhydride, butadiene, and acrylonitrile); 
acrylonitrile-butadiene-styrene copolymer, acrylic acid 
ester-butadiene-styrene copolymer, methacrylic acid 
ester-butadiene-styrene copolymer, polymethacrylate 
esters such as polymethacrylate; polyvinyl alcohol; 
polyvinyl formal; polyvinyl butyral; linear polyesters, 
polyamides; polycarbonates; polyacetals; polyure 
thanes; cellulosic resins; phenol-formaldehyde resins; 
urea-formaldehyde resins; melamine-formaldehyde res 
ins; epoxy resins; unsaturated polyester resins; silicone 
resins; halogen-containing resins such as polyvinyl chlo 
ride, polyvinylidene chloride, polyvinylidene fluoride, 
and copolymers thereof, and rubbers such as isoprene 
rubber, butadiene rubber, epichlorohydrin rubber, chlo 
roprene rubber, and blends of any of the above. 
The cyclic phosphite stabilizers of the invention can 

be combined with conventional heat stabilizers such as 
phenolic antioxidants, polyvalent metal salts of organic 
acids, organic phosphites, thioethers, and other known 
heat stabilizers, thereby constituting heat stabilizer 
compositions of the invention. 
The phenolic antioxidant contains one or more phe 

nolic hydroxyl groups, and one or more phenolic nu 
clei, and can contain from about eight to about three 
hundred carbon atoms. In addition, the phenolic nu 
cleus can contain an oxy or thio ether group. 
The alkyl-substituted phenols and polynuclear phe 

nols, because of their molecular weight, have a higher 
boiling point, and therefore are preferred because of 
their lower volatility. There can be one or a plurality of 
alkyl groups of one or more carbon atoms. The alkyl 
group or groups including any alkylene groups between 
phenol nuclei preferably aggregate at least four carbon 
atoms. The longer the alkyl or alkylene chain, the better 
the compatibility with polypropylene, inasmuch as the 
phenolic compound then acquires more of an aliphatic 
hydrocarbon character, and therefore there is no upper 
limit on the number of alkyl carbon atoms. Usually, 
from the standpoint of availability, the compound will 
not have more than about eighteen carbon atoms in an 
alkyl, alicyclidene and alkylene group, and a total of not 
over about ?fty carbon atoms. The compounds may 
have from one to four alkyl radicals per phenol nucleus. 
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The phenol contains at least one and preferably at 
least two phenolic hydroxyls, the two or more hydrox 
yls being in the same ring, if there is only one. In the 
case of bicyclic phenols, the rings can be linked by thio 
or oxyether groups, or by alkylene, alicyclidene or 
arylidene groups. 
The monocyclic phenols which can be employed 

have the structure: 

R is selected from the group consisting of hydrogen; 
halogen; and organic radicals containing from one to 
about thirty carbon atoms, such as alkyl, aryl, alkenyl, 
alkaryl, aralkyl, cycloalkenyl, cycloalkyl, alkoxy, and 
acyl 

where R’ is aryl , alkyl or cycloalkyl. 
x1 and x2 are integers from one to four, and the sum of 

x1 and x2 does not exceed six. 
The polycyclic phenol phenol is one having at least 

two aromatic nuclei linked by a polyvalent linking radi 
cal, as de?ned by the formula: 

(0H)m1 (0H)m2 

wherein Y is a polyvalent linking group selected from 
the group consisting of oxygen; carbonyl; sulfur; sul? 
nyl; aromatic, aliphatic and cycloaliphatic hydrocarbon 
groups, and oxyhydrocarbon, thiohydrocarbon and 
heterocyclic groups. The linking group can have from 
one up to twenty carbon atoms. 
Ar is a phenolic nucleus which can be a phenyl or a 

polycarbocyclic group having condensed or separate 
phenyl rings; each Ar group contains at least one free 
phenolic hydroxyl group up to a total of ?ve. The Ar 
rings can also include additional rings connected by 
additional linking nuclei of the type Y, for example, 
Ar-Y-Ar-Y-Ar. 
m1 and m; are numbers from one to ?ve, and n1 and 

n; are numbers of one or greater, and preferably from 
one to four. 
The aromatic nucleus Ar can, in addition to phenolic 

hydroxyl groups, include one or more inert substituents. 
Examples of such inert substitutents include hydrogen, 
halogen atoms, e.g., chlorine, bromine and ?uorine; 
organic radicals containing from one to about thirty 
carbon atoms, such as alkyl, aryl, alkaryl, cycloalkenyl, 
cycloalkyl, alkoxy, aryloxy and acyloxy 

(RE-0) 

where R’ is aryl, alkyl or cycloalkyl, or thiohydrocar 
bon groups having from one to about thirty carbon 
atoms, and carboxyl 
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groups. Usually, however, each aromatic nucleus will 
not have more than about eighteen carbon atoms in any 
hydrocarbon substituent group. The Ar group can have 
from one to four substituent groups per nucleus. 

Typical aromatic nuclei include phenyl, naphthyl, 
phenanthryl, triphenylenyl, anthracenyl, pyrenyl, 
chrysenyl, and fluoroenyl groups. 
When Ar is a benzene nucleus, the polyhydric poly 

cyclic phenol has the structure: 

(Oi-D1111 (0mm (0H)m2 

Y Y 

(Rl)x1 (R2)x2 y‘ (R3)x3 

wherein 
R1, R2 and R3 are inert substituent groups as de 

scribed in the previous paragraph; 
m1 and m3 are integers from one to a maximum of 

m2 is an integer from one to a maximum of four; 
x1 and x3 are integers from zero to four, and 

x2 is an integer from zero to three; 
y; is an integer from zero to about six and 
y; is an integer from one to ?ve, preferably one or 

tWO. ’ 

Preferably, the hydroxyl groups are located ortho 
and/or para to Y. 
Exemplary Y groups are alkylene, alkylidene, and 

alkenylene; arylene, alkyl arylene, arylalkylene; cyclo 
alkylene, cycloalkylidene; and oxa- and thia-substituted 
such groups; tetrahydrofuranes, esters and triazino 
groups. The Y groups are usually bi, tri, or tetravalent, 
connecting two, three or four Ar groups. However, 
higher valency Y groups connecting more than four Ar 
groups, can also be used. According to their constitu 
tion, the Y groups can be assigned to subgenera as fol 
lows: 

(1) Y groups where at least one carbon in a chain or 
cyclic arrangement connect the aromatic groups; such 
as: 
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(2) Y groups where only atoms other than carbon link 
the aromatic rings, such as 

where x is a number from one to ten; 
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24 
(3) Y groups made up of more than a single atom 

including both carbon and other atoms linking the aro 
matic muclei, such as: 

CH3 CH3 

0 

S 

0 

o 

and 

Although the relation of effectiveness to chemical 
structure is insuf?ciently understood, many of the most 
effective phenols have Y groups of subgenus (1), and 
accordingly this is preferred. Some of these phenols can 
be prepared by the alkylation of phenols or alkyl phe 
nols with polyunsaturated hydrocarbons such as dicy 
clopentadiene or butadiene. 

Representative phenols include guaiacol, resorcinol 
monoacetate, vanillin, butyl salicylate, 2,6-di-tert-butyl 
4-methyl phenol, 2-tert-butyl-4-methoxy phenol, 2,4 
dinonyl phenol, 2,3,4,5-tetradecyl phenol, tetrahydro 
a-naphthol, o-, m- and p-cresol, 0-, m-\ and p-phenyl 
phenol, o-, m- and p-xylenols, the carvenols, symmetri 
cal xylenol, thymol, o-, m- and p-nonylphenol, o-, m 
and p=dodecyl-phenol, and o-, m- and p-octyl-phenol, 
o-, and m-tert-butyl-p-hydroxy-anisole, p-n-decyloxy 
phenol, p-n-decyloxy-cresol, nonyl-n-decyloxy-cresol, 
eugenol, isoeugenol, glyceryl monosalicylate, methyl-p 
hydroxy-cinnamate, 4-benzyloxy-phenol, p 
acetylaminophenol, p-stearyl-aminophenol, methyl-p 
hydroxybenzoate, p-di-chlorobenzoyl-aminophenol, 
p-hydroxysalicyl anilide, stearyl-(3,5-di-methyl-4 
hydroxy-benzyl)thioglycolate, stearyl-B-(4-hydroxy 
3,5-di-t-buty1phenyl)propionate, distearyl-3,5-di-t 
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reaction product, merely freed from the acidic conden 
sation catalyst and unchanged starting material, can be 
used with excellent results. While the exact structure of 
these phenolic condensation products is uncertain, the 
Y groups linking the phenolic nuclei all fall into the 
preferred subgenus 1. For method of preparation, see 
e.g., US. Pat. No. 3,124,555, US. Pat. No. 3,242,135, 
and British patent No. 961,504. 
When the stabilizer composition is used in conjunc 

tion with a polyvalent metal salt of an organic acid, the 
organic acid will ordinarily have from about six to 
about twenty-four carbon atoms. The polyvalent metal 
can be any metal of Group II of the Periodic Table, 
such as zinc, calcium, cadmium, burium, magnesium 
and strontium. The alkali metal salts and heavy metal 
salts such as lead salts are unsatisfactory. The acid can 
be any organic non-nitrogenous monocarboxylic acid 
having from six to twenty-four carbon atoms. The ali 
phatic, aromatic, alicyclic and oxygen-containing heter 
ocyclic organic acids are operable as a class. By the 
term “aliphatic acid” is meant any open chain carbox 
ylic acid, substituted, if desired, with nonreactive 
groups, such as halogen, sulfur and hydroxyl. By the 
term “alicyclic” it will be understood that there is in 
tended any cyclic acid in which the ring is nonaromatic 
and composed solely of carbon atoms, and such acids 
may if desired have inert, nonreactive substituents such 
as halogen, hydroxyl, alkyl radicals, alkenyl radicals 
and other carbocyclic ring structures condensed there 
with. The oxygen-containing heterocyclic compounds 
can be aromatic or nonaromatic and can include oxygen 
and carbon in the ring structure, such as alkyl-sub 
stituted furoic acid. The aromatic acids likewise can 
have nonreactive ring substituents such as halogen, 
alkyl and alkenyl groups, and other saturated or aro 
matic rings condensed therewith. 
As exemplary of the acids which can be used in the 

form of their metal salts there can be mentioned the 
following: hexoic acid, 2-ethylhexoic acid, n-octoic 
acid, isoocotoic acid, capric acid, undecylic acid, lauric 
acid, myristic acid, palmitic acid, margaric acid, stearic 
acid, oleic acid, ricinolei acid, behenic acid, chloroca 
proic acid, hydroxy capric acid, benzoic acid, phenyla 
cetic acid, butyl benzoic acid, ethyl benzoic acid, pro 
pyl benzoic acid, hexyl benzoic acid, salicylic acid, 
naphthoic acid, l-naphthalene acetic acid, orthobenzoyl 
benzoic acid, naphthenic acids derived from petroleum, 
abietic acid, dihydroabietic acid, hexahydrobenzoic 
acid, and methyl furoic acid. 
The water-insoluble salts are preferred, because they 

are not leached out when the plastic is in contact with 
water. Where these salts are not known, they are made 
by the usual types of reactions, such as by mixing the 
acid, or anhydride with the corresponding oxide or 
hydroxide of the metal in a liquid solvent, and heating, 
if necessary, until salt formation is complete. 
The thiodipropionic acid ester has the following for 

mula: 

in which R1 is an organic radical selected from the 
group consisting of hydrocarbon radicals such as alkyl, 
alkenyl, aryl, cycloalkyl and mixed alkyl aryl and mixed 
alkyl cycloalkyl radicals; hydroxyalkyl and hydrox 
yalkyloxyalkylene radicals; and esters thereof with ali 
phatic carboxylic acids; and Y is selected from the 
group consisting of (a) hydrogen, (b) a second R radical 
R2, which can be the same as or different from the R1 
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28 
radical, (c) a polymeric chain of n thiodipropionic acid 
ester units: 

where Z is hydrogen, R3 or M, n is the number of thio 
dipropionic acid ester units in the chain, and X is a 
bivalent hydrocarbon group of the type of R1, that is, 
alkylene, alkenylene, cycloalkylene, mixed alkylene 
arylene and mixed alkylenecycloalkylene radicals; hy 
droxyalkylene and hydroxyalkyloxyalkylene radicals; 
and esters thereof with aliphatic carboxylic acids; the 
value of n can range upwards from 0, but there is no 
upper limit on n except as is governed by the ratio of 
carbon atoms to sulfur atoms as stated below; and (d) a 
polyvalent metal M of Group II of the periodic table 
such as zinc, calcium, cadmium, barium, magnesium 
and strontium. 
The molecular weights of the R and Y radicals are 

taken such that with the remainder of the molecule the 
thiodipropionic ester has a total of from about ten to 
about sixty carbon atoms per sulfur atom. 

Accordingly, the various thiodipropionic acid ester 
species coming within the above-designated categories 
within the general formula can be de?ned as follows: 
(a) R1OOCCI-I2CH2SCH2CH2COOH 
(b) R1OOCCH2CH2SCH2CI'I2COOR2 
(c) R1O[OCCH2CH2SCH2CH2COOX—O] 
,,OCCH2CH2SCH2CH2COOZ 

(d) R1OOCCH2CH2SCH2CH2COOM 
In the above formulae R1 and R2, M, X and Z are the 

same as before and the value of m can range upwards 
from 1, but there is no upper limit on m except as is 
imposed by the ratio of carbon atoms, as stated below. 
In the polymer (c), as in the other forms of thiodipropi 
onic acid esters, the total number of carbon atoms per 
sulfur atom is within the range from about ten to about 
sixty. 
The R radical of these esters is important in furnish 

ing compatibility with the polymer. The Y radical is 
desirably a different radical, R2 or M or a polymer, 
where R is rather low in molecular weight, so as to 
compensate for this in obtaining the optimum compati 
bility and nonvolatility. Where Y is a metal, the thiodi 
propionic acid ester furnishes the bene?cial properties 
of the polyvalent metal salt which is described above. 
The aryl, alkyl, alkenyl, and cycloalkyl groups may, 

if desired, contain inert, nonreactive substituents such as 
halogen and other carbocyclic and heterocyclic ring 
structures condensed therewith. 

Typical R radicals are, for example, methyl, ethyl, 
propyl, isopropyl, butyl, isobutyl, t-butyl, amyl, iso 
amyl, n-octyl, isooctyl, 2-ethyl hexyl, t-octyl, decyl, 
dodecyl, octadecyl, allyl, hexenyl, linoleyl, ricinoleyl, 
oleyl, phenyl, xylyl, tolyl, ethylphenyl, naphthyl, cyclo 
hexyl, benzyl, cyclopentyl, methylcyclohexyl, ethylcy 
clohexyl, and naphthenyl, hydroxyethyl, hydroxypro 
pyl, glyceryl, sorbityl, pentaerythrityl, and polyoxyal 
kylene radicals such as those derived from diethylene 
glycol, triethylene glycol, polyoxypropylene glycol, 
polyoxyethylene glycol, and polyoxypropyleneox 
yethylene glycol, and esters thereof with any of the 
organic acids named below in the discussion of the 
polyvalent metal salts, including in addition those or 
ganic acids having from two to five carbon atoms, such 
as acetic, propionic, butyric and valeric acids. 
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Typical X radicals are alkylene radicals such as ethyl 
ene, tetramethylene, hexamethylene, decamethylene, 
alkyl-substituted alkylene radicals such as 1,2-propy 
lene, 

CH3 CH3 

CH3 

arylene radicals such as phenylene Q 

methylenephenylene -Cl-l3@ 

dimethylene phenylene '-CH3-®~CH2— 

and alicyclylene such as cyclohexylene O 

and cyclopentylene O 

As exemplary of the thiodipropionic acid esters 35 
which can be used, there can be mentioned the follow 
ing: monolauryl thiodipropionic acid, dilauryl thiodi 
propionate, butyl stearyl thiodipropionate, 2-ethylhexyl 
lauryl thiodipropionate, di-2-ethylhexyl-thiodipropion 
ate, diisodecyl thiodipropionate, isodecyl phenyl thiodi 
propionate, benzyl lauryl thiodipropionate, benzyl 

30 ~ 

pared by esteri?cation of thiodipropionic acid and th 
corresponding alcohol. 

Also useful are: 
(1) Thioalkanoic acid amides of 'Tokuno et al Japa 

5 nese patent No. 16,286/68 having the formula: 

R 

OH 

R 

R is alkyl of one to eight carbon atoms, R1 is alkyl of 
six to twenty-four carbon atoms, and R2 is alkylene of 
one to six carbon atoms. 

(2) Thioalkanoic acid amides of 1,3,5-triazines of 
Ozeki et al Japanese patent No. 20,366/68 having the 

20 formula: 

15 

25 R-S-C?Lv-?-N > 
0 \- N-hP-C?-lr-S-R 

30 R is alkyl of eight to eighteen carbon atoms. 
(3) Bis-thioalkanoic acid amides of Yamamoto et al 

Japanese patent No. 23,765/68 having the formula: 

R is alkyl of more than six carbon atoms, aryl or 
aralkyl. 

(4) Bis-thioalkylanoic acid amides of Ozeki et al J apa 
nese patent No. 26,184/69 having the formula: 

40 

phenyl thiodipropionate, the diester of mixed coconut 
fatty alcohols and thiodipropionic acid, the diester of 
mixed tallow fatty alcohols and thiodipropionic acid, 
the acid ester of mixed cottonseed oil fatty alcohols and 
thiodipropionic acid, the acid ester of mixed soyabean 
oil fatty alcohols and thiodipropionic acid, cyclohexyl 
nonyl thiodipropionate, monooleyl thiodipropionic 
acid, hydroxyethyl lauryl thiodipropionate, monoglyce 
ryl thiodipropionic acid, glyceryl monostearate mono 
thiodipropionate, sorbityl isodecyl thiodipropionate, 
the polyester of diethylene glycol and thiodipropionic 
acid, the polyester of triethylene glycol and thiodipro 
pionic acid, the polyester of hexamethylene glycol and 
thiodipropionic acid, the polyester of pentaerythritol 
and thiodipropionic acid, the polyester of octamethy 
lene glycol and thiodipropionic acid, the polyester of 
p-dibenzyl alcohol and thiodipropionic acid, ethylben 
zyl lauryl thiodipropionate, strontium stearyl thiodipro 
pionate, magnesium oleyl thiodipropionate, calcium 
dodecylbenzyl thiodipropionate, and mono(dodecyl~ 
benzyl)thiodipropionic acid. 
These esters are for the most part known compounds, 

but where they are not available, they are readily pre 

R is alkyl of twelve to eighteen carbon atoms, and R1 
is alkylene of one to ten carbon atoms, cycloalkylene, or 
arylene. 

(5) Bis-alkylene thioalkanoic acid amides of Ozeki 
Japanese patent No. 31,464/69 having the formula: 

0 0 

R is alkyl of more than six carbon atoms, aryl, or 
aralkyl. 

(6) Thioalkanoic acid amide derivatives of Minagawa 
et a1, published Japanese application No. 106,484/74 
having the formula: 

60 

R is hydrocarbyl of one to twenty carbon atoms. 



4,670,492 
31 

(7) Alkylene bis-thioalkanoic acid amides of US. Pat. 
No. 4,279,805 to Ohzeki et al, patented July 21, 1981, 
having the general formula: 

O 0 

wherein: 
R1 is alkyl having from one to about ?fty carbon 

atoms; 
R; is alkylene having from one to about three carbon 

atoms; and 
R3 is alkylene having from about two to about twelve 

carbon atoms. 
,B-Alkylthiopropionic acid esters having the general 

formula: 

wherein: 
R is alkyl of four to twenty carbon atoms; 
11 is a number from 1 to 6; and 
R’ is the residue of an alcohol having from one to six 

hydroxyl groups. 
Pentaerythritol tetra dodecyl thio propionate is an 

example of this group. 
In addition, the usual light stabilizers can be em 

ployed, such as 2,2,6,6-tetramethyl piperidyl com 
pounds, hydroxybenzophenones such as 2-hydroxy-4 
methoxybenzophenone, 2-hydroxy-4-n-octoxy benzo 
phenone, 2,4-dihydroxybenzophenone, benzotriazoles, 
such as 2(2-hydroxy-5-methylphenyl)benzotriazoles, 
2(2-hydroxy-3-t-butyl~5-methylphenyl)-5-chlorobenzo 
triazole, 2(2-hydroxy-3-S-di-t-butylphenyl) 5 
chlorobenzotriazole, 2(2-hydroxy-3,S-di-t-amylphenyl) 
benzotriazole, benzoates such as phenylsalicylate, 2,4 
di-t-butylphenyl-3,5-di-t-butyl-4-hydroxy phenylbenzo 
ate, nickel compounds such as nickel-2,2’-thiobis(4-t 
octyl-phenolate), nickel-monoethyl(3,5-di-t-butyl-4 
hydroxybenzyl)phosphonate, substituted acrylonitriles 
such as methyl-a-cyano-,B-methyl-B-(p-methoxy phe 
nyl)acrylate and oxalic anilides such as N-Z-ethyl phe 
nyl-N’-2-ethoxy-S-t-butyl phenyl oxalic diamide, N-2 
ethyl phenyl-N'-2-ethoxy phenyl oxalic diamide. 
A suf?cient amount of the stabilizer or combination is 

used to improve the resistance of the synthetic polymer 
to deterioration in physical properties when exposed to 
heat and light, including, for example, discoloration, 
reduction in melt viscosity and embrittlement. Very 
small amounts are usually adequate. Amounts within 
the range from about 0.001 to about 10% total stabiliz 
ers including the cyclic phosphite heat stabilizer of the 
invention by weight of the polymer are satisfactory. 
Preferably, from 0.01 to 5% is employed for optimum 
stabilization. 
When all components are solids, the stabilizer sys 

tems of the invention are readily rendered in solid par 
ticulate form, comprising a blend of: 

(a) cyclic phosphite in an amount of from about 10 to 
about 35 parts by weight; and optionally: 

(b) a phenolic antioxidant in an amount from about 10 
to about 35 parts by weight; and/or 

(0) other heat or light stabilizers in an amount of from 
about 10 to about 35 parts by weight. 
The cyclic phosphite of the invention can be em 

ployed in combination with phenolic antioxidant and 

20 
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/or other conventional heat and light stabilizers for the 
particular synthetic polymer. 

Thus, for example, in the case of polyvinyl chloride 
resins, other polyvinyl chloride resin heat stabilizers can 
be included, including polyvalent metal fatty acid salts 
such as barium and cadmium salts of the higher fatty 
acids; organotin compounds; and epoxy compounds. 
With polyole?n resins there can be employed fatty 

acid salts of polyvalent metals, and the higher fatty acid 
esters of thiodipropionic acids, such as, for example, 
dilauryl thiodipropionate. 
With polyamide resin compositions, polyamide stabi 

lizers such as copper salts in combination with iodides 
and/or other phosphorus compounds and salts of diva~ 
lent manganese can be used. 
With synthetic rubbers and acrylonitrile-butadiene 

styrene terpolymers, other antioxidants and polyvalent 
metal salts of the higher fatty acids can be used. 

In addition, other conventional additives for syn 
thetic polymers, such as plasticizers, lubricants, emulsi 
?ers, antistatic agents, ?ame-proo?ng agents, pigments 
and ?llers, can be employed. 
The stabilizer or combination is incorporated in the 

polymer in suitable mixing equipment, such as a mill or 
a Banbury mixer. If the polymer has a melt viscosity 
which is too high for the desired use, the polymer can 
be worked until its melt viscosity has been reduced to 
the desired range before addition of the stabilizer. Mix 
ing is continued until the mixture is substantially uni 
form. The resulting composition is then removed from 
the mixing equipment and brought to the size and shape 
desired for marketing or use. 
The stabilized polymer can be worked into the de 

sired shape, such as by milling, calendering, extruding 
or injection molding or ?ber-forming. In such opera 
tions, it will be found to have a considerably improved 
resistance to reduction in melt viscosity during the heat 
ing, as well as a better resistance to discoloration and 
embrittlement on ageing and heating. 
The following Examples represent preferred embodi 

ments of synthetic resin compositions in accordance 
with the invention. 

EXAMPLES 1 TO 5 

Polypropylene compositions were prepared using 
phosphites of the invention and having the following 
formulation: 

Ingredient Parts by Weight 

Unstabilized polypropylene 100 
Dilaurylthiodipropionate 0.2 
Ca stearate 0.2 
Pentaerythritol tetrakis(3,5~di-t- 0.1 
butyl~4-hydroxyphenyl)propionate 
Phosphite as shown in Table l 0.1 

The stabilizers were blended with the polymer on a 
two-roll mill at 180° C. for ?ve minutes, and sheets 1 
mm thick then prepared by compression molding of the 
blend at 180° C. and 250 kg/cm2 pressure for ?ve min 
utes. 

Pieces 10x20 mm were cut off from the sheets, and 
heated at 160° C. in a Geer oven. 
The yellowness of the sheet after exposure to ultravi 

olet light for 72 hours was measured in a Hunter color 
difference meter. 
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The same compositions were extruded at 250° C. for 

?ve times and the melt ?ow index (MFI) at 230° C. 

under a load of 2160 g was measured. The results are 5 

shown in Table I. 

34 

TABLE I 

MFl !g/l() min.) 

Yellowness % Extruded Extruded 

Example Hours to After One Time Five Times MFl-S/ 

No. Phosphite Failure Original 72 Hours (MFl-l) (MFl-S) MFl-l 

Control l None 320 10.6 15.0 4.1 6.4 1.56 

Control 2 _ 550 10.0 13.3 3.7 5.1 1.38 
C(Cl'lm 

CH3 0 
\ 

CH3 P-O C(CH3)2 
/ 

CH3 0 

C(CH3)3 , 

Control 3 _ 680 10.2 14.6 3.8 5.3 1.39 
C(Cl'ls)3 

C(C1-13l3 O 
\ 
P-OCH; C(CH3); 

C(CH3)3 O 

C(CHB); 2 

Control 4 _ 730 9.6 12.4 3.5 4.4 1.26 
C(CH3)3 

C(CH3)3 O 
\ 

CH2 P-O-Cl-lzCl-hCHg 
/ 

C(CH3)3 O 

_ C(CH3)3 2 

Example 1 820 8.4 10.4 3.4 4.0 1.18 

C(CH3)3 

CH3 0 CH3 
\ C(CHs)3 

CH2 P-O CH 
/ 1 CH3 0 CH3 

CH2 
cn; o C(CH3)a | / 

CH 0-? CH2 
C(CH3)3 2 CH3 \ 

C(CH3)3 0 CH3 

C(CH3)3 

850 8.2 10.3 3.3 3.6 1.09 Example 2 
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TABLE I-continued 

MFl /l0 min. 

Yellowness % Extruded Extruded 

Example Hours to After One Time Five Times MFl-S/ 
N0. Phosphile Failure Original 72 Hours (MFl-l) (MFl-S) MFl-l 

C(CHm 

C(CHm O 
\ C(CHm 

CH1 P-O 

/ CH; O C(CH3)3 
C(CH»; 0 C(CHI03 1 ' / 

CH 0''!’ CH7 

C(CH3)3 , (‘3H1 \ 
' ' C(Cl-Im 0 C(CHm 

C(CH3)3 

Example 3 - 880 8.5 10.4 3.2 3.5 1.09 
C(Cl'lm 

C(CH3)3 O 
\ 

CH; P-O C(CH3)2 
/ 

C(CH3)3 O 

C(CH3)3 2 

Example 4 ._ 880 8.1 10.2 3.3 3.8 1.15 
i-C3H7 

i-C3H7 O 
\ 

CH2 P-O C(CH3); 
/ 

i-C3H7 O 

_ i-C3H7 2 

Example 5 _ 900 8.0 1 10.3 3.4 4.0 1.18 
C(CHsh 

C(CH3)3 O 
\ 

CH3—CH P-O C(CH3)2 
/ 

C(CH3)3 0 

_ C(CH3)3 2 

-continued 
. . . . . In redient Parts by Wei ht 

The superlorlty of the phosphites of the lnvention to 55 g _ p g 
Phosphite as shown in Table II 0.05 the controls is apparent from the data. 

EXAMPLES 6 AND 7 The stabilizers were blended with the polymer on a 
High density polyethylene compositions were pre- two-roll mill at 150° C. for ?ve minutes, and sheets 1.2 

pared using phosphites of the invention, and having the 60 mm thick were prepared by compression molding of the 
following formulation: blend at 150° C. and 180 kg/cm2 pressure for ?ve min 

utes. ' 

_ Pieces l0><20 mm were cut off from the sheets, and 
Ingredient Parts by Weight heated at 150° C. in a Geer oven on aluminum foil. 
High-density p?lyethyle?? 100 (,5 The time in hours when degradation set in, as deter 
(H‘ZCX 510.015? . mined by a signi?cant discoloration and/or embrittle 
Dilaurylthiodipropionate 0.3 . 
Stearyl 3(3-5-di-t’buty1-4-hydroxypheny1) 0.1 ment’ was noted as hours to fa?ure 
propionate The results are reported in Table II. 



Example No. 

Control 1 

Control 2 

Control 3 

Example 6 

Example 7 

The superiority of the phosphites of the invention to 

CH3 

CH3 

37 

C(CH 

C(CH 

O 

O 

C(CH3)s 

the controls is apparent from the data. 
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TABLE II 

Phosphite 

None 

C(CHm 

CH 2 

I N 

O 

/ 
O 

Q 
@ 

65 

38 

Hours 
In Failure 

245 

580 

C3 H4COOCH 3 

610 

to 

720 

0 cu; 

C(CH3)3 0 CH3 

C(cl-lals 

690 

EXAMPLES 8 TO 10 

Resin compositions having the following composi 
tion were prepared: 






























